Abstract: Background: LASIK is the new surgical procedure for the correction of eye's refractive error. It helps in reducing the patient's dependence on glasses &/or contact lenses. But it also increases the spherical aberrations of the eye and reduces contrast sensitivity. Aim: To investigate the changes in spherical aberrations, contrast sensitivity & spherical equivalent of the myopic eyes caused by conventional LASIK. Method: A prospective, observational study was done in patients with treatable myopic refractive error after undergoing conventional LASIK. Total 29 patients with 56 myopic eyes undergoing LASIK were recruited over a period of six months from Jan 2011 to June 2011 and were followed up for a period of 6 months. Results: After LASIK, mean logMAR visual acuity at 1, 3, and 6 was -0.096 which was significantly more as compared to baseline. Pre-operatively mean spherical equivalent was -4.59. There was statistically significant reduction in the mean spherical equivalent post-operatively at 1, 3 & 6 months. Spherical aberration was significantly increased after LASIK (2.71 folds at 1 month, 2.38 fold at 3 months and 2.19 folds at 6 months). Contrast sensitivity (CS) was significantly reduced one month post LASIK for the higher spatial frequencies of 12 and 18 cpd. Conclusion: Conventional LASIK significantly increases the postoperative spherical aberrations at 1, 3, and 6 months. It causes significant reduction in CS values at higher frequencies, which recovers to the preoperative levels at 6 months. After LASIK contrast sensitivity at lower spatial frequencies are not significantly altered.
Introduction
Over recent years, a number of surgical procedures in ophthalmology have offered an alternative for glasses or contact lenses. One of the most popular is Laser Assisted inSitu Keratomileusis (LASIK).
The surgical objective of LASIK is to change the corneal curvature and, in turn, alter or reduce the eye's refractive error. As a result, the patient's dependence on glasses and/or contact lenses is reduced.
Refractive corneal surgery mainly focuses on the correction of spherocylindrical errors as the most apparent and disturbing optical aberrations of the human eye. Unfortunately, these corrections are accompanied by a significant increase in higher-order optical aberrations (such as spherical and coma aberration) and decrease in contrast sensitivity.
The term keratomileusis used by Barraquer comes from the Greek words for "cornea" (kerato) and "to carve" (mileusis). Laser in situ keratomileusis (LASIK) , which combines keratomileusis with excimer laser stromal ablation. , has become the most popular refractive procedure performed today because of its safety, efficacy, quick visual recovery and minimal patient discomfort.
Laser in situ keratomileusis (LASIK) is one of the most popular techniques for the correction of refractive errors. The most common indication for LASIK surgery in the present times is myopia, although it is also being increasingly utilized to treat hypermetropia and astigmatism. [27] [28] [29] [30] [31] [32] [33] Laser-in-situ keratomileusis (LASIK) has been used to treat myopia ranging from −1 to −29 dioptres . 39 It is important to remember that the amount of myopic correction possible in a particular patient is determined by the central corneal pachymetry and correction of myopic refractive errors in excess of −12 dioptres may not be possible if the central pachymetry is less than 500 μm.
Myopia is the most common type of refractive error. In myopia, the secondary focal point is anterior to the retina. In other words, the refractive power of the eye is greater than that required for emmetropia; parallel rays of light entering the eye are in focus at a location in the vitreous, rather than on the retina. LASIK corrects myopia by removing tissue in the center of the cornea, thereby flattening the cornea and decreasing the refractive power of the eye. 23 Previous studies have demonstrated that laser in situ keratomileusis (LASIK) significantly increases higher-order wavefront aberrations of the eye [1] [2] [3] [4] [5] [6] [7] [8] [9] , mainly spherical aberrations [9] [10] [11] [12] [13] and reduces contrast sensitivity. [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] Hence, this study was carried out to investigate the changes in spherical aberrations, contrast sensitivity & spherical equivalent of the myopic eyes caused by conventional LASIK.
Material & Methods
A prospective, observational study was done in patients with treatable myopic refractive error after undergoing All cases were done by same experienced corneal surgeon under same surgical conditions. Clearance was obtained from the institutional ethics committee.
A written informed consent was obtained from all patients, after having explained to them the nature of the treatment, the procedure being performed, and the possible consequences therein.
The following parameters were recorded pre-operatively: 1) Best corrected visual acuity-Refraction assessed objectively by retinoscopy and autorefractometer, and then confirmed subjectively, further recorded by Snellen's acuity charts and equivalent logMAR values. 2) Contrast sensitivity testing-The CSV-1000E chart presents vertical sine wave gratings at four spatial frequencies-3, 6, 12, and 18 cyc/deg-and each spatial frequency has eight different levels of contrast. Each row consists of eight pairs of circular patches, including sine waves of a single spatial frequency. In each pair, one patch presents a grating, and the other patch is blank. The patient was asked to identify which patch had a grating, and the contrast level of the last correct response was defined as the contrast threshold in logarithmic values for each frequency. was done using an indirect ophthalmoscope (Heine Model D40 Omega 2c) and a Volk +20D lens to look for any retinal holes or tears which were lasered prior to the LASIK procedure.
Surgical Procedure
 Preoperatively-All patients posted for surgery were given Moxifloxacin eye drops (Vigamox, Texas, USA) four times a day in both eyes for 2 days before surgery.  Anaesthesia -All the procedures were performed under topical anaesthesia with 0.5% Proparacaine eye drops.  Preparation -The eye lashes were removed from the operative field with a sterile sticking tape and draping was done.  Surgical Technique -Speculum was applied to the lids.The automated microkeratome (Moriaone use-plus SBK head 90 micron head or 130 micron head) suction ring was fixed on the eye. The intraocular pressure was sufficiently raised which was checked by barraquer tonometer. The desired flap of 90 microns or 130 microns was made with the automated one use disposable microkeratome head. The flap was then raised. The bed was dried Excimer laser photoablation was done (Carl Zeiss, Mel 80). The flap was reposited.  Post operatively -All patients were given Moxifloxacin 0.5% four times a day for one week, Prednisolone acetate 1% eye drops four times a day for one week and lubricating eye drops for three months.  Follow up -Patients were followed up on first postoperative day, at one week, one month, 3 months and 6 months. At each visit visual acuity was noted along with refraction and slit lamp evaluation of the anterior segment. Wave front analysis and contrast sensitivity testing was performed at each visit.
Data Collection Technique and Tools
All the figures were taken from the study population.
Results of subjective refraction were collected and converted to spherical equivalent (SE) values for analysis. Visual acuity was measured in terms of LogMAR values. All contrast sensitivity data were transformed to logarithmic units and log contrast sensitivity values are used for the analysis.
Data Analysis
All data are recorded as the mean ± SD. Statistical analysis was performed using SPSS 15.0 software. The data was analyzed using the Student's paired T test on outcome parameters such as logMAR visual acuity, spherical equivalent and spherical aberration. Contrast sensitivity data (log contrast sensitivity values) was analyzed individually, with multiple comparisons using Student's paired 't' test and 
Results
We studied 56 eyes of 29 Table 2) . Table 3 shows the changes in visual acuity after LASIK (logMAR values). After LASIK, mean logMAR visual acuity at 1, 3, and 6 was -0.096. LASIK significantly improved visual acuity at 1, 3 and 6 months after the procedure compared to the best corrected visual acuity at baseline.
Pre-operatively mean spherical equivalent was -4.59. There was statistically significant reduction in the mean spherical equivalent post-operatively at 1, 3 & 6 months. After LASIK, mean spherical equivalent at 1, 3, and 6 was -0.022, -0.002 and -0.009 respectively. LASIK significantly reduced the refractive error. 94.64% of eyes were within 0.25D of the intended correction (Table 4) . Table 5 shows the changes in spherical aberration. Spherical aberration (Z 4,0) was significantly increased after LASIK (2.71 folds at 1 month, 2.38 fold at 3 months and 2.19 folds at 6 months), After LASIK, mean spherical aberration at 1, 3, and 6 months was -0.57, -0.50, and -0.46 respectively. Statistically significant difference was found at 1st month (p=0.00), 3rd month (p = 0.00) and 6th month (p=0.00).
Contrast sensitivity (CS) was not significantly altered for lower spatial frequencies of 3 and 6 cpd (cycles per degree) throughout the study period. It was significantly reduced one month post LASIK for the higher spatial frequencies of 12 and 18 cpd (p value 0.08 and 0.04 respectively). At 3 months, CS for 12 cpd spatial frequency continued to remain significantly reduced whereas that for 18 cpd spatial frequency recovered. At 6 months, the values were comparable to the pre-operative levels for all spatial frequencies. Paired T test and Wilcoxon signed ranks test was used (Table 6 ).
Discussion
As refractive surgery evolves, laser in situ keratomileusis (LASIK) has gained widespread popularity as the procedure of choice to correct refractive errors. LASIK can reduce refractive error and improve uncorrected visual acuity, but several problems must be resolved regarding postoperative ocular aberrations and visual function.
Previous studies have demonstrated that laser in situ keratomileusis (LASIK) significantly increases higher-order wavefront aberrations of the eye [1] [2] [3] [4] [5] [6] [7] [8] [9] , mainly spherical aberrations [9] [10] [11] [12] [13] and reduces contrast sensitivity. 13 -22 Oshika et al 1 found an increase of 3rd and higher order corneal aberrations (2.7-fold for LASIK and 2.3-fold for PRK), with respect to preoperative values in the same eyes. Nayori Yamane-et al. 13 also concluded that conventional LASIK significantly increases ocular higher-order aberrations, which compromise the postoperative contrast sensitivity function. Loukotova V et al. 53 concluded that the after conventional LASIK treatment induction of higher order aberrations was twice as much and was directly correlated to the degree of the laser correction. The spherical aberration was four-times higher comparing to the preoperative values and was independent to the level of the initial refractive error.
In our study we found that conventional LASIK significantly induced spherical aberration, in good agreement with previous studies [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] . Perez-Santonja et al. 15 stated that although LASIK decreased contrast sensitivity values at low and intermediate spatial frequencies for 1 month after surgery, these values rapidly returned to the preoperative values at 3 months. The improvement at certain frequencies at 6 months suggests that LASIK can improve the quality of vision in eyes with moderate and high myopia. Chan JW et al. 20 monitored contrast sensitivity in 41 LASIK patients for 1 year. They found post-LASIK non-permanent depression in contrast sensitivity, which was probably due to optical factors. Chan et al. also found that recovery of contrast sensitivity after LASIK took at least 6 months.
In our study we noticed that contrast sensitivity (CS) was not significantly altered for lower spatial frequencies of 3 and 6 cpd (cycles per degree) throughout the study period. It was significantly reduced one month post LASIK for the higher spatial frequencies of 12 and 18 cpd. At 3 months, CS for 12 cpd spatial frequency continued to remain significantly reduced whereas that for 18 cpd spatial frequency recovered. At 6 months, the values were comparable to the pre-operative levels for all spatial frequencies.
Conclusion
1) Conventional LASIK significantly increases the postoperative spherical aberrations at 1, 3, and 6 months. 2) Conventional LASIK causes significant reduction in contrast sensitivity (CS) values at higher frequencies (12 and 18 cycles per degree) for 1 month. At 3 months postoperatively; the decrease in CS values is significant only at spatial frequency 12 cycles per degree. Although these contrast sensitivity values rapidly recovers to the preoperative levels at 6 months. After LASIK contrast sensitivity at lower spatial frequencies of 3 and 6 cpd (cycles per degree) are not significantly altered. Limitations of our study were small sample size, larger population based study is required to confirm the changes in contrast sensitivity and spherical aberrations after conventional LASIK on myopic eyes. Follow up duration should have been longer to study the long term effects of the LASIK on contrast sensitivity function and spherical aberration. Also, we did not study the relation between the changes in contrast sensitivity and spherical aberrations. So, further studies are required to study the correlation between these two parameters.
So far, refractive surgery has concentrated on the reduction of spherical and cylindrical defocus, and much less attention has been directed towards the higher-order aberrations like spherical and coma aberrations and decline of contrast sensitivity function. Hence, based on our study findings we recommend that LASIK is an effective and safe procedure for treating myopic refractive error. In consideration of quality of life and vision in patients after LASIK, further attention should be paid to the influence of surgery on higher-order aberration and visual function in detail, rather than on Snellen visual acuity alone. Wave front guided or customized LASIK should be promoted to avoid loss of or achieve an increase in visual acuity after LASIK. Further studies on larger dataset are required to confirm the occurrence and magnitude of such changes. 
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